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Abstract 

The pion decay constants of the lowest orbitally excited states of the nucleon and the A(1232) 
£> ' along with the corresponding axial transition form factors are calculated with Poincare covariant 

in ' 



constituent-quark models with instant, point and front forms of relativistic kinematics. The model 
wave functions are chosen such that the calculated electromagnetic and axial form factors of the 
nucleon represent the empirical values in all three forms of kinematics, when calculated with single- 
constituent currents. The pion decay widths calculated with the three forms of kinematics are 
smaller than the empirical values. Front and instant form kinematics provide a similar description, 
with a slight preference for front form, while the point form values are significantly smaller in the 
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case of the lowest positive parity resonances. 
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I. INTRODUCTION 

Quark model calculations of the pion decay widths of the baryon resonances typically fail 
to agree with values that have been extracted from pion-nucleon scattering data, without 
prefer fo r any pabular Hamiltonhm m odel fl6 Q. This is already evident in the 

static quark model, in which the value for the 7riVA(i232) coupling leads to a ~ 40% under- 
prediction of the decay width for the A(1232) resonance J4J. The likely reason for this is the 
restricted Hilbert space of the constituent-quark model without additional quark- ant iquark 
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configurations [5(. The problem of the pion decay widths may also reflect unrealistic fea- 
tures of the model wave functions and/or the associated axial quark currents. The purpose 
of this paper is to address this issue by a comparison of the effect of different quark currents 
generated by the dynamics from kinematic single-quark currents. 

A relativistic constituent-quark phenomenology of baryon properties can be implemented 
with simple spectral representations of the mass operator. The Poincare generators are 
functions of the mass and spin operators as well as kinematic quantities, which depend on the 
choice of a kinematic sub-group (the "form of kinematics"). Vector and axial vector currents 
are generated by the dynamics from single-quark currents. Single-quark current matrices 
are by definition functions of kinematic quark momenta and spins, which are related to 
internal momenta and constituent spins by boost transformations that depend on the form 
of kinematics. 

The dependence of elastic baryon form factors of such models on the form of kinematics 
has been investigated in a previous paper [6J. With simple symmetric representations of 
the baryon states a good qualitative representation was obtained with all three forms of 
kinematics. Here the investigation of Ref. [y] is extended to axial transition form factors 
and the pion decay widths of the lowest lying resonances of the nucleon and the A. For the 
nucleon, the A and their positiveparity excitations, iV(1440) and A(1600), the algebraic 
representations designed in Ref. Q are employed. These wave functrons implement the 
symmetries and radial shapes of the hyperspherical mass operators used in [2J. The wave 
function of the lowest energy negative parity excitation, iV(1535), is constructed from the 
ground state wave function by imposing the short-range behavior that is implied by the 
centrifugal repulsion in the hyperspherical mass operator. Detailed quantitative description 
of the empirical features would require refinements of the baryon-states and/or the current 



matrices and very likely the consideration of configurations with quark-antiquark pairs. 

As the pion decay of the baryons is described by the coupling of the gradient of the pion 
field to the axial current of the baryons, the decay widths are proportional to the axial form 
factor. In the case of the higher resonances, the calculated decay widths vary significantly 
with the choice of kinematics. Point form kinematics yields unrealistically small values 
for the pion decay widths of the lowest two positive parity resonances. Front and instant 
form kinematics yield values, which on the average are smaller than half of the empirically 
extracted imaginary parts of the resonance pole positions. 

This paper is structured in the following way. The relevant baryon kinematics and the 
relations of axial currents to pion decay widths are summarized in Section 2. Section 3 
contains the description of the quark representations of the baryon states and a discussion 
of the quark kinematics used in the construction of axial current densities. Section 4 contains 
a comparison of the axial transition form factors and pion decay widths that are calculated 
with the three different forms of kinematics. Section 6 contains a concluding discussion. 

II. AXIAL TRANSITION FORM FACTORS AND PION DECAY WIDTHS 

A. Baryon Kinematics 

The axial transition form factors are invariant matrix elements of the axial currents. They 
are functions of the invariant velocity transfer, 

V = ^(v f -v a ) 2 , (1) 

where v a and Vf are the 4- velocities of the initial and final baryons. The variable rj is related 
to the invariant 4-momentum transfer as 

Q 2 = (M f vf - M a v a f = AM f M a r] - (M f - M a f . (2) 

For pionic decay, N* — > N + n, the momentum transfer is Q 2 = —m 2 and 

l7T 4:M f M a V ; 

The covariant axial current densities A^(x) considered here are defined by chirally covariant 
Dirac spinor and Rarita-Schwinger spinor matrices, 

.A? x := yTfc , A? 3 :=l<r, (4) 
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for j,| and |, | transitions. These matrices are related to the spin representations of the 
axial current density operator, A^{x), by boost transformations and projections to definite 
intrinsic parity: 

(M f , v f , ± + K(0) 1 1 + , v a , M a ) = Gf /2+ (Q 2 ) u(v f ) u"(v a ) X ] X* , (5) 

(M f ,v f ^ + \A^0)\l + ,v a ,M a ) =Gf' 2+ {Q 2 )u{v f ) Yi 5 u(v a ) x ^ aX , (6) 

(M f , v f , i + 1^(0)| \-,v a , M a ) = Gf l2 \Q 2 ) u{v f ) Yu(v a ) X ] r aX ■ (J) 

Here X and Xa denote isospin amplitudes for isospin 1/2 and 3/2, and Ga{Q 2 ) is an invariant 
form factor. Explicit expressions for the spinor amplitudes u(v) and u^(v) are listed in 
Appendix |XJ 



With canonical spin the spin quantization axis is in t 
choice of frame is a matter of convenience. For instance 



re direction of the velocities. The 
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1^/1+^,0,0,^1, ^ = 1^1+^,0,0,-0?}. (8) 



With this choice the canonical-spin matrices are for (|, |) transitions 



(I + ia(o)ii + ) : = GU(Q 2 ){o,yrr^c7 ± ,^} 

(|V(0)|f> := G A (Q 2 ){l,z^j(zXa),0} , (9) 



and for (~ , | 



(i + ,a'| v /|[^(0)+^(0)]|f,a):=- v /|(i,l, ( x',±l||a)G A (Q 2 ), 
(|V|4,(0)|f» := -y|(I,l,a',0||a)G A (g 2 ) , A°(0) = 0. (10) 

Under the longitudinal Lorentz transformations, 



Vf = {a/1 + ^cosh^ + y^sinh^, 0, 0, y^cosh^ + y 1 + r/sinh^} 



^a = {yl + ^cosh^ — y/rjsinh.8, 0, 0, — y^cosh^ + y 1 + r/sinh^} . (11) 

the longitudinal components of the current matrices are covariant and transverse components 
are invariant. The Wigner rotations of the spins are the identity . 

For the null-plane spin representation, with the null vector n := {—1, 0, 0, 1}, and 



v f 



1^1+^,^,0,0} , v tt = {yJl + ri,-VrJA0} , (12) 



the transverse components of the momentum transfer: 

Q = (M f - M a )^ — + — ^ (v f - v a ) (13) 

are 

Q± = Vv{M a + M f ,0}, (14) 

and 

^csf^F *-<"'-"•>•■ (15) 

This is a generalization of the standard n ■ Q = convention to inelastic transitions where 
the momentum transfer may be time-like. 

The null-plane spin matrices are then related to the form factors by 

(i> ■ A(0)|f) = JT+~r}G A {Q 2 )a z , (f \n ■ A(0)|j"> = JTT^G A (Q 2 ) , (16) 

and 

<r.>^(o)ir,i>=3 WMoM/ 

B. The pion decay widths 

The pion coupling to the baryons is taken to have the chiral pseudovector form: 

L(x) = —d^aix) • A£(x) , (18) 

where f n is the pion decay constant (f n =93 MeV) and A^ is the axial current of the hadron. 
The perturbation M.' of the mass operator is given by H' in the "rest frame" of the 
excited baryon, p* = 0. The energies of the initial baryon, the nucleon and the pion are 
then 



(I\l\n-A(0)\l\\)= 2 -{^±^\^1 +V G A (Q 2 ). (17) 



E* = M*, E=^JM 2 + q 2 , Lu:=^/ml + q*. (19) 

This implies that the perturbation Ai f of the mass operator M. is represented by 



■ &n, r N , r n \M'\P, I,j, a, t) := —==J— — — =={q, a N , T N \q^A^ (0)|0, V, I,j, a, t) , 

(27r) 3 V ^& V Z JTT 



(20) 
where V, I and j are the parity isospin and spin of the excited baryon, and q := {u, —q}. 



As a consequence the decay width, V: 

r := _^y^^y y y 

x ^Jd 3 q6^Mi + qi + ^ml + qi-M*y(q,a N ,T N ,T w \M'\V,I,j,a,T)\ 2 , (21) 

is proportional to (Ga(— f^)! J-k) 2 ■ For the resonances considered here explicit expressions 
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where 



Gf /2+ (-mr 




N(l/2~) 



2 v^ 


+ M 2 + M 


M* 


2 vte 


+ M 2 -M 


M* 


2 V^ 


+ M 2 + M 



3*, 



M* 



(M* + M) 2 g^ 



(M* - M) 2 q n 



(h 



^J[M* 2 - (M - m^) 2 ] [M* 2 - (M + m^)< 
2M* 



(22) 
(23) 
(24) 

(25) 



III. REPRESENTATIONS OF BARYON STATES AND QUARK KINEMATICS 

A. Representations of Baryon States 

The baryon states formed of 3 confined quarks with total four-momentum P = Mv, may 
be represented by functions of the form 

^ M,j,v a ,a(v; ki,k 2 ,k 3 ;ai,a 2 ,a 3 ) = CT (&i, k 2 , fa; oi, o 2 , cr 3 )5 {3 \v - v a ) . (26) 

— * 

Here ki and Oj are constituent momenta and spin variables. The flavor and color variables 
are suppressed. The norm of the wave function CT is specified by 
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ll<M 2 = E [d 3 ^ fd 3 k 2 fd 3 k 3 S{k 1 + k 2 + fa)S, 

0-1,0-2,0-3 



01 +0-2+0-3,0' 



^(fci,fc 3 ,fc 3 ; 0-1,0-2,03) 



(27) 
which implies that 

(^M,v f ,cr>, ^M,v a ,a) = 5 {3) (vf - V a )5 a ',a- (28) 

Under Poincare transformations the velocity v transforms as a four-vector, while the total 
spin operator j undergoes Wigner rotations, 7?.^(A, v) := B~ 1 (Av)AB(v), 

U^(A,d)vU(A,d) = Av J v 2 = -1 , £/ f (A, d) j U(A,d) = K w (A,v)j . (29) 



Here the boost B(v) is the rotationless Lorentz transformation, which satisfies the defining 
relation B(v){l, 0, 0, 0} = v. 

The constituent momenta and spins undergo the same Wigner rotations: 

tft(A) h U(A) = TZ W (A 7 v) h , W(A) I U(A) = K W (A, v) j t . (30) 

The Poincare covariance of the bound-state wave function CT , is realized by its covariance 
under rotations, invariance under translations and its independence of the velocity v. 

The constraint J2i ki = is conveniently implemented by the definition of Jacobi mo- 
menta, 

S := /| k ~ H^) ' ? : = \/f< 6 " ^ • (31) 

which implies 

k\ + k\ + £3 = if + f . (32) 

The wave functions representing the positive parity states considered are products of the 



oermutation symmetric spin-isospin amplitudes Xj,cr,r, and functions of P := J2(k 2 + q 2 ), 

<f>n,j,ffA*', Q) = Xj,a,r Vn(?) , (33) 

with 

^o(P)=Ar(l + ^) , (34) 



and 



<p 1 (P) = (p (P)[A(a)+B(a) 



12a o(o + l) P 



2 



+ 



:i+£) &2 (i + £) 2 



(35) 



The factor A/" is a normalization constant. The exponent a and scale b are parameters. The 
constants A(a) and -B(a) are determined, by the orthonormality condition 

Jd 3 Kd 3 qv i (P) Vj (P) = 5 lj . (36) 

The representation of the l/2~ resonance iV(1535) involves the permutation symmetric 
bilinear combination of the mixed-symmetry orbital functions of {k , q} and the mixed- 
symmetry spin-isospin amplitudes {xi ,Xl }'■ 

01- {K,q) = 7jXX 1 >5> m > 5 l5> S 3)i«*lm («)X1. +?^lm(g)Xl ^(P) ■ ( 37 ) 



The parameters determined in Ref. p provide a qualitative fit to the electromagnetic form 
factors of the nucleon with each form of kinematics. They are listed in Table 111 For the 
radial wave function ^(P) the following form is employed: 

*»<-) = (i^ky < 38 > 

where C is a normalization constant. The asymptotic behavior for large P implements the 
short-range behavior of the Fourier transform, (f(R), implied by the centrifugal repulsion |2|. 

B. Quark Kinematics 

The kinematic quark-current matrices are functions of quark momenta that are related 
by kinematic boosts to the constituent momenta k%. With point form kinematics all Lorentz 
transformations are kinematic, and the velocities are kinematic variables. The canonical 
boost B c (v) relates the quark momentum pi to the constituent momentum ki, 



Pi :=B(v)Uml + kf,kA . (39) 

Kinematic null-plane quark momenta pf and pi± are related to the momentum fractions 
£i and constituent momenta ki± by 

pt = ^P + and Pi± = kiL + &P±, (40) 

and the n ull-p lane spins are related to Dirac spinors the spinor representations of null-plane 

boosts |alid|. 

With instant form kinematics the boost parameters are the initial and final momenta, 
P a and Pf. These are related kinematically only if Pf = —P a = Q/2. This requirement is 

TABLE I: Values of the parameters of the ground state wave function used for the three different 
forms of kinematics. The corresponding matter radii r^ are listed in the last column. 

m g (MeV) b (MeV) a r (fm) 



instant form 


140 


point form 


350 


front form 


250 



600 


6 


0.63 


640 


9/4 


0.19 


500 


4 


0.55 



satisfied by the Lorentz transformation (jlljl with 



A 



6 := tanh" 1 



M a -M f r^ 



M f + M a Vl + V 



(41) 



The relation between the three momentum transfer Q and the four-momentum transfer is 
then 

Q ~ Q (Pf + Pa) 2 ~ Q + g 2 + 2(M| + M2)- ^ 

The kinematic quark momenta Pi and velocities, Vi := Pi/m q , are related to the constituent 
momenta fcj by canonical boosts parameterized by P, 



Pl :=B c (P/M )Umi + k?,kA , M := £ ^ + fc? . (43) 

Axial current operators are generated by the dynamics from single-quark current matrices 
U'c{p'i)l-Ll5 u c{Pi) with point and instant kinematics, and M/(Pi)7 + 7sM/(Pi) with null-plane 
kinematics. 

IV. AXIAL BARYON FORM FACTORS AND PION DECAY WIDTHS 

A. The axial form factor of the nucleon 

The axial form factors as obtained in the three forms of kinematics and with the wave 
functions defined above have been given in Ref. m. These results are compared in Fig. ^ to 
the corresponding empirical values given in Ref. [llj. All the calculated form factors agree, 
within the uncertainty limits, with the extant data, with little dependence on the choice 
of kinematics, due to the fact that different spatial wave functions are employed with the 
different kinematic currents. The corresponding values for the axial vector coupling constant 
of the nucleon Ga{0) are 1.1 with instant and point form kinematics, and 1.2 with front form 
kinematics. These values are thus smaller by 5 — 15% than the empirical value 1.267. In 
comparison the static quark model value 5/3 exceeds the empirical value. 

B. The A(1232) — ► N axial transition form factor 

The calculated values for the A(1232) — ► iV transition form factor are shown in Fig. |21 
The only empirical information on this form factor is that obtained by neutrino-induced 




FIG. 1: Axial form factor of the nucleon. Solid, dotted and dashed lines correspond to the instant, 
point and front forms respectively (from 



reactions on the deuteron in Ref. [12j. The value for G^(0) extracted from this experiment 
is G%(0)/\/2 = 2.4 ±0.25 |4J. The present values for G^(-ml) that are obtained in instant, 



point and front form kinematics are G^[ 



-ml 



1-74, Gji( 



-mi 



1.70 and G%(-ml 



1.79 thus clearly too small and also smaller than the semirelativistic quark model value 2.12 
obtained in Ref. J4j. 



For comparison the static quark model value for G^( 



-ml 



is 2v^2. It is worth noting 



#( 



-771 



\) leads to a value for the pion decay constant which 



than the experimental value for G } 
is too small by 30 %. 

The results obtained are consistent with the assumption of quark-antiquark components 
in addition to the three-quark structure of the A(1232), which is supported by the obser- 
vation that the ratios of the experimental pionic decay widths of A — ► iW, X* —>■ E7T, and 
S* — > Ett do not follow the simple 3-quark expectation 9:4:1 but are 12 : 4 : 1, A(1232) 

In instant and front form G^ has very similar dependence on momentum transfer as the 
calculated corresponding elastic axial form factor of the nucleon. In contrast the calculated 
G^ in point form falls at a considerably slower rate than the corresponding elastic axial 
form factor of the nucleon. 
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FIG. 2: Axial form factor for the N — > A(1232) transition. Solid, dotted and dashed lines corre- 
spond to the instant, point and front forms respectively. 

C. The iV(1440) — > N axial transition form factor 

The calculated iV(1440) — » iV axial transition form factors are shown in Fig. |3J The 
form factors are qualitatively similar in the three forms, in all cases they change sign near 
Q 2 = 0. In instant and front form kinematics the sign change takes place in the timelike 
region (Q 2 < 0). The calculated values at the pion point are in all forms of kinematics 
smaller by a factor ~ 4 than the corresponding values extracted from experiment that are 
shown in Table ITT1 

D. The 7V(1535) — ► N axial transition form factor 

In Fig.0]the iV(1535) — > N axial transition form factor is shown. The detailed evaluation 
is given in Appendix El The Q 2 behavior of the form factor with the three forms is similar 
above Q 2 > 2 GeV 2 , however the value at the pion point, G 



iV(1535), 



1 ttJi 



■mi), differs between the 



forms. All forms of kinematics give values that are close to the range of the values extracted 
from experiment (Table HTj) . 
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0.2 
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-0.1 
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N(1440)-»N 



2 3 

Q 2 (GeV 2 ) 



FIG. 3: Axial form factor of the AT (1440) — » N transition. Solid, dotted and dashed lines correspond 
to the instant, point and front forms respectively. 



-0.1 



0^-0-2 



-0.3 



-0.4 



N(1535) -+ N 



2 3 

Q 2 (GeV 2 ) 



FIG. 4: Axial form factor for N — > A(1535) transition. Solid, dotted and dashed lines correspond 
to the instant, point and front forms respectively. 

E. The A(1600) — ► N axial transition form factor 

The axial form factors calculated with different kinematic currents are shown in Fig. 
The differences are similar to those found for the A^(1440) — ► A^ transition although the 
difference between instant and point form are more pronounced. At the pion point point 



12 



0.5 



0.25 



O 



-0.25 



A(1600) -*N 




2 3 

Q 2 (GeV 2 ) 



FIG. 5: Axial form factor for the nucleon to Delta(1600) transition. Solid, dotted and dashed lines 
correspond to the instant, point and front forms respectively. 

form kinematics yields an unrealistically small value, ( Table ITT]). 



F. Pion Decay Widths 

The value of the axial form factor at the pion point, Ga{Q 2 = —tn 1 ^)-, is related through 
expressions fl22jl . (J2HJ) and (|2*3|) . to the pion decay width of the corresponding resonances. 

The calculated values for the pion decay widths are listed in Table IIHI along with the 
empirical ranges for those values. The results in this table reveal that none of the form of 
kinematics is able to get values commensurable with the empirical ones. Instant and front 
form provide a comparable picture of the decay widths of these baryon resonances, while 
point form fails more abruptly than the others, in particular in the case of positive parity 
resonances. This failure of the point form of kinematics to provide a plausible picture of the 
pion decay widths has already been reported in Ref. |l4j . 



V. DISCUSSION 

The results for the calculated axial transition form factors of the baryon resonances with 
the present simple representations show dependence on the kinematics used to generate 
the current operators. The spatial wave function was in each case parameterized so as to 
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describe both the electromagnetic as well as the axial form factors of the nucleoli (cf. Fig.^J. 
The results also exhibit a strong dependence on the representation of the excited states. 

The calculated pion decay widths are in most cases considerably smaller than the em- 
pirically extracted values. This suggests that a description of the empirical values would 
call for sizable quark-antiquark components in the wave functions. Point form kinematics 
leads to unrealistically small values for the pion decay widths of the radial excitations of the 
nucleon and the A(1232) resonance. From the point of view of quark model phenomenology 
for the baryons the present results indicate a slight preference for front form kinematics over 
instant form kinematics. 
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APPENDIX A: BOOSTS RELATING SPIN AND SPINOR REPRESENTATIONS 

Spin and spinor representations are related by appropriate representations of the Lorentz 
boosts B(v). For spin | the spinor representation of canonical boosts B c (v) and null-plane 

TABLE II: Axial form factors at the pion point, \Ga{— vnfy\- The PHEN column contains the corre- 
sponding axial coupling constants that have been obtained phenomenologically from the imaginary 
parts of the corresponding resonance pole positions |l5J using Eqs. (I22[) and (|24|). 





instant 


point 


front 


PHEN 


A(1232) 


1.74 


1.70 


1.79 


2.67 


Ar(1440) 


0.11 


0.07 


0.10 


[0.38-0.41] 


iV(1535) 


0.24 


0.20 


0.31 


[0.20-0.25] 


A(1600) 


0.30 


0.06 


0.38 


[0.48-0.75] 
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boosts Bf(v) are 



S[B c (v)] := Di°[B c (v)] © D°i[B c (v)] " ' ' J ''" 



^a+v°) 



(Al) 



iom.^.M^ noirn.^.M _ "J- • «.! + « + 1 + a* , ■'' ] -^ , A2 ) 



S'tS/Cv)] := i)2' u [B / (i,)]ei) u '2[B / («;)] 



+ 



'u-r 2 v^+ 2 

The spinor amplitudes u c {v) and wj(t>) are denned by the boosts applied to the projections 
(1 + /3)/2 onto positive intrinsic parity, 



u c (v) := S[B c (v)] 



l + P 



u f (v) := S[B f (v)} 



l + P 



(A3) 



For spin 1 the appropriate boost representations are D^, ^[Bfo)] and the projections are 
the projections onto 4-vectors with vanishing time components. It follows that the spin-1 
spinor amplitudes are 4-vectors orthogonal to the velocity. With canonical boosts the result 

is 



ex(p) ■= e A + 



m + uj 



P 



+ n c 



m 



with n c : = {1, 0, 0, 0} and 



e A = -A 



0<£ | /\u\Z"ij 

~V2~ 



A = ±l; 



With null-plane boosts the amplitudes are 



A = 0±1 



e = e z . 



(A4) 



(A5) 



£\(p) := e A n, A = 0±1 



n ■ p 



eo(p) 



m 



n ■ p 



n — 



(n ■ p)p 
p 2 



(A6) 



TABLE III: Pion decay widths in MeV that correspond to 2 times the imaginary pole positions 



in 



Q 





instant 


point 


front 


PHEN [15] 


A(1232) 


42 


41 


45 


100 


iV(1440) 


10 


4 


8 


[126-147] 


iV(1535) 


84 


60 


147 


[59-93] 


A(1600) 


12 





19 


[30-75] 
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where n := {—1,0,0, 1}. The Rarita-Schwinger vector-spinor amplitudes of spin | baryons 
in Eq. (J5J), are 

u»{v) = Y J t»u<r{v){l,\,\cr%a). (A7) 

X,a' 

APPENDIX B: iV(1535) -> iV AXIAL TRANSITION FORM FACTOR 

When evaluating the transition form factor, iV(1535) — > A, regardless of the form of 
kinematics, the following matrix elements need to be evaluated: 

<p;§|*^S|JV(1535);±) = -^ £<1, §,m, s; ±±) (p, || ^^5 |^ ( T| 35) > , (Bl) 

V ^ ras 

where A'JF^ is, in general, an operator that acts on spatial, flavor and spin degrees of 
freedom. The operator entering the actual evaluation is a Wigner or Melosh rotated axial 
current operator. Its flavor part is simply: T — T z . The flavor matrix elements can be 
evaluated leaving the spin and spatial matrix elements, which do depend on the form of 
kinematics. We can write the wave functions explicitly in terms of their spin, flavor (some 
flavor indexes have been omitted for clarity) and spatial components: 

1 



(p,±\XFS\N{?§ 35) ) = [3],[3]y s 2 5 ^^5-i=([21]™ s [21]^ iS +[21]^[21]^ A ) (B2 

= ([3], X [21]™ 5 [tJlsFS [21]' F8i8 + [3], X [21]™ A [3]Jg^S [21]' F8fA 

where the spin-flavor symmetric and mixed-symmetric wave functions are, 
X«,r = m7s,s = ^ ([21]U21]S,s+ [21]f^[21]S,a 



X+,*,t = [2l]Ys,s = ^ ([21M21]S, S - [21]^[21]^) , 
X -,^ = [21]% >A = ^([21]^[21]^+[21]^[21]5 iS ) . 



(B3) 



with the usual, 



[ 3 fs(T),s = Z)(5»5' a ' 6 l 1 ' m )(2' 1 ' c ' m ll'^) \h a )\h b )\h c ) 

abcm 



1S(T),S 

abcm 

lS(T),A 

ab 



[2i]W = £(U> fl > 6 l°>°) \ha)\h b )\hQ- ( B4 ) 
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The spin-flavor matrix elements can be split into flavor and spin parts. The only nonzero 
flavor matrix elements are: [21]^^ [21] F ,s = — 1/3 and [21]^ t 2 [21] fa = 1. Then the 
mixed-symmetric to symmetric part of Eq. (jB3|) reads: 

[tJl^S[21]' FSta = -J=([21]^[21]^+[21] F , A [21]^) ^5-^([21]^[21]^-[21]^[21]^ 



,1/2 



[21] F)5 ^ [21] F)5 [21]s^S[21]' S)S - [21] F , A J^ [21] F , A [21} S , A S [21]^ 
-^[21]^<S[21]^-[21]^5[21]^' 



(B5) 



while the mixed-antisymmetric to symmetric has the form, 

[3]^^5[21]J. 5>A = -J=([21] F5 [21]^+[21] FA [21]^) ^5 -^ ([21] FS [21]^ A + [21] F , A [21] 

[21] F5 .F[21] F5 [21]Jg5[21]^+ [21] F , A ^[2l] FtA [21]^5[21]^ 



s,s 



,1/2 



,1/2 



-[21]^5[21]^ + [21]^5[21]^ 



(B6) 



giving 

(p^|^^5|iV ( T 5 S 3 5) ) 



2 ^ v [3],^[21] 

+[3]«^[2ir A 



x,5 



-[21]^<S[21]^-[21]^5[21] 



5, A 



,1/2 



[21]iS5[21]J. + [21]^5[21] 



1/2 



S,5 



and our initial matrix element reads: 



(B7) 



(p;i|*Q,S|JV(1535),i> = £<1, \ 



2 ,m,s; 2 2/ 2 /o 



[3], X [21]™ 5 
+ [3]^[2ir A 



1 1/2 



--[21]^«S[21]| )5 
lV 



,1/2 



[2l]r A S[2l]° A 



Mis S[2l]% A + [2l\T A S [21] 



1/2 



s,s 



(B8) 



The remaining matrix elements involve integrals over the spatial wave functions, [3} x X [21]™ s 
and [3]a; X [21]™ A , together with matrix elements involving the spins, [21],^ «S [21]| A and 
[21]s jA iS [21]| s , which are different for the different forms of kinematics. 

The spin matrix elements correspond to matrix elements of the Wigner or Melosh rotated 
current, 



[21]$S[21]|,a = 3 [21] 



S,A 



Dl'^Dl' 2 



D\'^D\ 12 



Dri 0qD { /2 



[21] s 5 ,a (B9) 
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and 



l21]T A Si21}% s = 3 [21] 



S,A 



Dl'^Dl' 2 



Dl™D\l* 



Dri 0q Di /2 



[21]S,5, (BIO) 



where D 1//2 are the representations of the corresponding Wigner or Melosh rotations for 
canonical and null-plane spins respectively. 
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